Forecasting interest rates is of great concern for financial researchers, economists and players in the fixed income markets. The purpose of this study is to develop an appropriate model for forecasting the short-term interest rates i.e., commercial paper rate, implicit yield on 91 day treasury bill, overnight MIBOR rate and call money rate. The short-term interest rates are forecasted using univariate models -Random Walk, ARIMA, ARMA-GARCH and ARMA-EGARCH and the appropriate model for forecasting is determined considering six-year period from 1999.The results show that interest rates time series have volatility clustering effect and hence GARCH based models are more appropriate to forecast than the other models. It is found that for commercial paper rate ARIMA-EGARCH model is most appropriate model, while for implicit yield 91 day Treasury bill, overnight MIBOR rate and call money rate -ARIMA-GARCH model is the most appropriate model for forecasting.
Introduction
Forecasting interest rates is gaining more attention in the recent years, particularly because interest rate is a key financial variable that affects decisions of consumers, businesses, financial institutions, professional investors and policymakers. Movements in interest rates have important implications for the economy' s business cycle and are crucial to understanding financial development and changes in economic policy. Timely forecasts of interest rates can therefore provide valuable information to financial market participants and policymakers. Forecasts of interest rates can also help to reduce interest rate risk faced by individuals and firms. Forecasting interest rates is very useful to central banks in assessing the overall impact (including feedback and expectation effects) of its policy changes and taking appropriate corrective action, if necessary. An important constituent of the package of structural reforms initiated in India in the early 1990s was the progressive deregulation of interest rates across the broad spectrum of financial markets. As part of this process, the Reserve Bank has taken a number of initiatives in developing financial markets, particularly in the context of ensuring efficient transmission of monetary policy. An important consideration in this regard is the signaling role of monetary policy and its implications for equilibrium interest rates.
In India, interest rate prediction was not given much focus until the beginning of 1990s. This is due to the administered interest rate mechanism that India has been following. But since the beginning of economic reforms and the liberalization of capital market, the interest rates were allowed to float, except the benchmark Bank Rate and the interest rate on savings deposits. Since then, the question of determining the interest rates has become a big issue.
One of the most visible tasks of economists is to forecast interest rates, yet with relatively little success in public opinion. Indeed, interest rates prove to be extremely difficult to predict, while often, large amounts are at stake. However, there is now an amazing and confusing spectrum of the methods to be used for forecasting. Hence this paper attempts to identify the best models to forecast short-term interest rates using random walk model, ARIMA model, ARMA-GARCH and ARMA-EGARCH model. The rest of this paper is organized as follows: Section II gives the literature survey, which describes the applications of ARIMA and GARCH models. Section III describes the data, sample and methodology used. Section IV gives the empirical results of the study. Finally, the findings are summarized in Section V.
Section II: Literature Survey
ARIMA models have been used for forecasting different types of time series and have been compared with a benchmark model for its validity. Leseps and Morell (1977) in their study found that the exchange rate follows a long-term trend with short-term fluctuation. Therefore, to capture the long term trend, many authors had used Auto regressive Integrated Moving Average (ARIMA) model as proposed by Box-Jenkins (1976) , to forecast the exchange rate. Pagan and Schwert (1990) found evidence that ARIMA models performed well when compared to nonparametric and Markov switching models. Chen (1995) introduced a new pre-differencing transformation for the AR1MA model for forecasting S&P 500 index volatility. The out of sample forecasting performance of the ARIMA model using the new predifferencing transformation was compared with the out of sample forecasting performance of the mean reversion model and the GARCH model. The ARIMA model using the new pre-differencing transformation introduced in this study was found to be superior to both the mean reversion model and the GARCH model in forecasting monthly S&P 500 index volatility for the forecast comparison periods used in this study. Dharmaratne (1995) specifies, estimates, and validates an ARIMA model for forecasting long-stay visitors in Barbados. The accuracy of the short-term forecasts surpasses most recent forecasting studies. The implication of the study is that customized model building may be highly rewarding in terms of accurate forecasts compared to standard or simple methods. Abdel-Aal and Al-Garni (1997) used univariate Box-Jenkins time-series analysis for modeling and forecasting monthly domestic electric energy consumption in the Eastern Province of Saudi Arabia. They found that, compared to regression and abductive network machine-learning models previously developed on the same data, ARIMA models require less data, have fewer coefficients, and are more accurate. Bianchi, et. al (1998) analyze the use of additive and multiplicative versions of Holt-Winters (HW) exponentially weighted moving average models and compare it to Box-Jenkins (ARIMA) modeling with intervention analysis and find that ARIMA models with intervention analysis perform better for the time series studied. Ho and Xie (1998) investigate the approach to repairable system reliability forecasting based on the Autoregressive Integrated Moving Average (ARIMA) models. It is theoretically and statistically sound in its foundation and no a priori postulation of models is required when analysing failure data. Comparison is also made with the traditional Duane model. It is concluded that ARIMA model is a viable alternative that gives satisfactory results in terms of its predictive performance. Chaveza, et. al (1999) used Univariate Box-Jenkins time-series analyses (ARIMA models), for modeling and forecasting future energy production and consumption in Asturias. The optimum forecasting model obtained for each energetic series had a satisfactory degree of statistical validity (low approximation errors) and are suitable for use as reference inputs in a regional energetic plan for the period 1997-98. Madura, et. al (1999) assess the forecast bias and accuracy of the three commonly used forecast methods for 12 divergent emerging market currencies. The random walk method outperformed the forward rate and ARIMA methods for some emerging market currencies, and was not outperformed by these alternative methods. In general, it appears that the incorporation of expectation components by the implicit forward and ARIMA methods do not improve the forecast, and actually reduce forecast accuracy in some cases. Slini, et. al (2001) used stochastic autoregressive integrated moving average ARIMA model for maximum ozone concentration forecasts in Athens, Greece. For this purpose, the Box-Jenkins approach is applied for the analysis of a 9-year air quality observation record. The model developed is checked against real data for 1 year. The results show a good index of agreement, accompanied by a weakness in forecasting alarms. Saab, et. al (2001) investigate different univariate-modeling methodologies and try, at least, a one-step ahead forecast for monthly electric energy consumption in Lebanon. Three univariate models are used, namely, the autoregressive, the autoregressive integrated moving average (ARIMA) and a novel configuration combining an AR(1) with a high pass filter. The AR(1)/high pass filter model yields the best forecast for this peculiar energy data. Lim and McAleer (2002) used various Box-Jenkins Autoregressive Integrated Moving Average (ARIMA) models over the period 1975(1)-1989(4) for tourist arrivals to Australia from Hong Kong, Malaysia and Singapore. The fitted ARIMA model is found to be valid when tourists arrivals were forecasted for Singapore for the period 1990(1)-1996(4)..
In the Indian context, Mahadevan (2002) found that while forecasting 10 year government securities yield, ARIMA has a marginally better directional accuracy than that of the moving average model in a static forecast, whereas the lagged moving averages for 10-year government securities outperforms ARIMA model in dynamic forecasting.
Financial time series have volatility clustering effect and hence ARCH based models are being used to develop a more parsimonious model to forecast financial time series. The literature shows that attempt has been made to forecast the returns or the volatility of returns using ARCH based models. Kearns and Pagan (1991) examined monthly volatility of the Australian stock market over the period , and fitted ARCH, GARCH and EGARCH models to the data. It was found that the asymmetric EGARCH (1, 2) model out performed the other models for forecasting the volatility of the returns. Rabemananjara and Zakoian(1993) show that, it is possible to relax the positivity constraints on the parameters of the conditional variance, using TGARCH. The authors have applied it to the French stock returns and concluded that unconstrained models provide a greater generality of the paths allowing for non-linearities in the volatility. Nicholls and Tonuri(1995) use several asymmetric GARCH processes to explain and model volatility of Australian stock return data. They have used daily returns on the Australian Fifty Leaders StatexActuaries Accumulation Index from 4 January, 1988 to 31 December 1991, i.e., a series of 1023 observations. They have used excess returns, that is, the returns series converted to an excess return series by subtracting the daily yield on 90-Day Bank Bills. They find that stock return data is typically negatively skewed and attempt to incorporate such asymmetry in the model using EGARCH, AGARCH and GJR GARCH. They conclude that the asymmetric EGARCH(1,1) model provides a suitable description of the variance data.
Brooks and Lee (1997) use ARCH/GARCH models to investigate Australian financial futures data. The extent to which the parameters of the models change over time, are examined by analysing the data, contract by contract. The results vary over time and simple models such as the ARCH (1) model provides a reasonably good fit to the data. Tabak and Guerra (2002) examine the relationship between stock returns and volatility over the period of June 1990 to April 2002. The relationship between stock returns and volatility is tested using seemingly unrelated regressions methods and AR(1)-E-GARCH(1,1) estimation. The returns are proxied by BOVESPA Index. They conclude that using both a SUR methodology and an AR(1)-EGARCH(1,1) estimation changes in volatility are negatively related to stock returns.
Friedmann and Sanddorf-Köhle (2002) analyze volatility dynamics in the Chinese stock markets and compared it with the EGARCH with the GJR GARCH model. The empirical results, which were quite stable under the alternative specifications, reflect the different dynamics due to the market segmentation in domestic A-shares and foreign B-shares. For the daily returns on A-shares they find that there is highly significant impact of the number of non trading days on volatility, as well as a significant reduction of volatility by introducing the price change limit. The evidence is more mixed for the B-shares. For the analysis of the impact of news on volatility, they propose a modification of the news impact curve. Using the concept of a conditional news impact curve, they show that in periods of high volatility there is a potential acceleration of the news impact in the GJR GARCH model, while the news impact remains invariant under the EGARCH approach.
Yu (2002) evaluates the performance of nine alternative models such as the random walk, historical average, Moving average, Simple regression, exponential smoothening, Exponentially weighted moving average, ARCH, GARCH and Stochastic volatility models for predicting stock price volatility using daily New Zealand data using four different measures -root mean square error, mean absolute error, Thiel coefficient and Linex to evaluate the forecasting accuracy. He concludes that the (i) stochastic volatility model provides the best performance among models; (ii) ARCH-type models can perform well or badly depending on the form chosen; (iii) the performance of the GARCH(3,2) model, the best model within the ARCH family, is sensitive to the choice of assessment measures; and (iv) the regression and exponentially weighted moving average models do not perform well according to any assessment measure, in contrast to the results found in various markets. Gazda and Vyrost (2003) attempt to forecast the volatility of the Slovak share index using GARCH, TGARCH and EGARCH models for the time period 1 August 1997 to 27 September 2002 taking the first 1000 observations for quantification and statistical verification of the model and the last 173 for the demonstration of a forecast expost. They conclude that the best results were achieved with the EGARCH model. In the period under consideration the existence of an asymmetric effect was confirmed.
Inference
The literature review shows that ARIMA modeling is widely used in various time series for forecasting, such as exchange rates, government securities, tourist arrivals, air quality observation, energy production and consumption and S&P 500 index volatility and it is a powerful tool for short-range forecasting. However, GARCH and EGARCH models are extensively used in forecasting volatility of stock returns and there is very little attempt to apply it to other financial time series. The literature also shows that the financial time series have the volatility clustering effect, which is best captured by GARCH models. In order to capture the asymmetric effect, the EGARCH model is used to forecast volatility and the literature shows that EGARCH model outperforms the traditional models. Thus, an attempt is made to forecast returns of short-term interest rates using GARCH and EGARCH taking into account the AR and MA terms and the results are compared with ARIMA and random walk models.
Section III: Data and Methodology

Data
In order to forecast the returns, log returns i.e., ln (Y t )-ln (Y t-1 ) is used for forecasting the short term interest rates. Daily data of Overnight MIBOR and Weighted average call money, fortnight data of commercial paper rate from Jan 1999 to June 2004 and weekly data of Implicit yield of 91 day Treasury bill from Jan 1993 to June 2004 are used. The total data points for Call money rate, commercial paper rate, Implicit yield on 91 day Treasury bill and overnight MIBOR are 2007, 1571, 339 and 134 respectively. Out of which 1604, 1256, 271 and 108 points are used as in-sample data and 403, 315,68,26 points are used as out of sample data for call money rate, commercial paper rate, Implicit yield on 91 day Treasury bill and overnight MIBOR respectively.
Methodology
The four interest rates have been forecasted using the random walk model, ARIMA model, ARMA-GARCH and ARMA-EGARCH model. The goodness of fit of the model is tested using correlogram of residuals, LB statistic or Q-test, Serial correlation Breusch Godfrey test. The stationarity has been tested using ADF test with and without drift and trend, the AR(p) is determined using PACF and MA(q) is determined using ACF. The no. of lagged terms to be included in the model is identified based on the minimum value of AIC and SBC critieria.The ARIMA model is tested for ARCH effects using the ARCH LM test and the measures of performance are calculated for the static and dynamic forecasts made for the out-sample period. The in-sample data constituting 80% is used for estimating the coefficients of the parameters and the out-of-sample data-20% is forecasted. The forecasted results from Random walk model, ARMA, ARMA-GARCH, ARMA-EGARCH models using static and dynamic forecasting are compared based on the predictive power using the three forecasting accuracy measures: Root Mean Square Error, Mean Absolute Error and Thiel Inequality Coefficient: Theil' s U statistic can be rescaled and decomposed into 3 proportions of inequality -bias, variance and covariance -such that bias + variance + covariance = 1 and these measures were also calculated.
Section IV: Results
DESCRIPTIVE STATISTICS AND STATIONARITY TESTS FOR RETURNS
The descriptive statistics shown in Table 1 indicates that on an average all the interest rate returns is 0.49 for all interest rates except overnight MIBOR which has an average return of 0.70. The four series are tested for stationarity using the Augmented Dickey Fuller test and it is found that all the four returns series are stationary in level as shown in Table 2 as the ADF statistic (absolute value) is greater than the critical value for all interest rates.
FORECASTING SHORT-TERM INTEREST RATES USING RANDOM WALK MODEL
The four interest rates are forecasted based on its past value alone using the Random Walk model. The estimated parameters are shown in Table 3 . The coefficients of Y t-1 terms of commercial paper returns, overnight MIBOR returns and Call money returns are significant at 1% level of significance. The developed models are tested for serial correlation using Breusch-Godfrey Serial correlation test. It is found that except for Implicit yield on 91 day Treasury bill, the other models suffer from serial correlation as shown in Table 4 . On examining the correlogram of Residuals, except for the residuals of Implicit yield on 91 day Treasury bill, the residuals of other interest rates have significant lags indicating that it is not a good fit. Hence, the random walk model is good fit for Implicit yield on 91 day Treasury bill but it is not a good fit for the other interest ratesCommercial paper rate, Overnight MIBOR rate and call money rate.
FORECASTING INTEREST RATES USING ARMA MODEL
Since Random Walk model did not yield the best model for forecasting short-term interest rates ARIMA model is being explored.
Identifying the Lag Length
The appropriate AR and MA terms are identified for each of the interest rate returns using the correlograms of Autocorrelation function (ACF) and Partial autocorrelation function (PACF), which indicates the significant lags for the MA and AR terms. Based on the correlograms and the minimum AIC and SBC criteria, the models estimated are shown in Table 5 . It is found that commercial paper rate depends only on its past 3 values. Implicit yield on 91 day Treasury Bill depends on the previous two weeks returns, while Overnight MIBOR and weighted average call money show that it is dependent on 6-day lag and 5 day lag respectively. This may be because daily data is used for these two short-term interest rates. The lag of the MA terms for Implicit yield on 91 day Treasury Bills, commercial paper rate, Overnight MIBOR and weighted average call money based on the correlogram are 1, 0, 5 and 6. All the AR and MA terms are significant at .01 level of significance.
Validity of the Model
The developed ARMA model is checked for serial correlation using Breusch-Godfrey Serial Correlation LM Test with the null hypothesis that serial correlation is present. The Breusch-Godfrey Serial correlation LM test results are shown in Table 6 , which indicate that the developed models do not suffer from serial correlation for all the interest rates and both the indices. The correlograms of the residuals obtained from the above developed ARIMA models for the short-term interest rates indicate that they are white noise except for overnight MIBOR and weighted average call money rate. Hence, the model developed is a good fit.
Testing for ARCH effects
The residuals of the ARIMA models developed are tested for ARCH effects using the ARCH LM test and the result shows that the ARIMA models developed for Commercial paper rate, Implicit yield on 91 day Treasury bill, Overnight MIBOR rate and Call money rate suffer from ARCH effects as indicated in the Table 7 . Since variance of the errors is not a constant, heteroscedasticity exists for the residuals of the four short-term interest rates. Thus, though the serial correlation test, correlogram of residuals show that ARIMA model is a good fit for Commercial paper return and implicit yield on 91 day Treasury bill, the ARCH effects are present and hence the model is not a good fit. In the case of Overnight MIBOR and call money rate, though serial correlation is rejected, correlogram and ARCH LM test show that the model is not a good fit. Hence, it is necessary to develop a better model to capture the ARCH effects in the four interest rate series.
FORECASTING USING GARCH MODEL
The GARCH model is developed for the four interest rates. The residuals of the ARIMA models are in nonlinear form, that is, they have the volatility clustering effect and this is indicated by the significant coefficients of the ARCH(1) and GARCH(1) terms in the variance equation of Implicit yield of 91 day Treasury bill, overnight MIBOR and call money rate as indicated in Table 8 .
The non-negativity constraint is also satisfied i.e., the coefficients of the ARCH (1) and GARCH(1) are positive for all the terms in the variance equation. The sum of the coefficients on the lagged squared error and lagged conditional variance is less than one in all the cases. This sum is close to unity in the case of overnight MIBOR and call money indicating that shocks to the conditional variance will be highly persistent. A large sum of these coefficients will imply that a large positive or a large negative return will lead future forecasts of the variance to be high for a protracted period. The variance intercept term ' c' is very small as expected. The residual series obtained from the above estimated model is tested for ARCH effects to see if ARCH effects are captured well in the estimated model. Table 9 indicates that the ARCH effects are not present in the model estimated after taking into account the GARCH terms. Thus, the GARCH model is better than the ARIMA model for forecasting interest rates. However, the GARCH models estimated do not take into account the leverage effect and hence the EGARCH models are developed to test whether asymmetric effect is present.
FORECASTING USING EGARCH MODEL
The variance equation of the EGARCH models developed for the interest rates are given in Table 10 . The results show that asymmetric effect is present in call money rate and commercial paper rate and it is statistically significant. The negative coefficient estimates of RES/SQR [GARCH] (1) in call money rate and commercial paper rate suggest that negative shocks have a higher next period conditional variance than positive shocks of the same sign. In the case of overnight MIBOR, the sum of the coefficients of |RES|/SQR [GARCH] (1), RES/SQR [GARCH] (1) and EGARCH(1) are greater than unity indicating that the conditional variance will tend to infinity as the forecast horizon increases and hence this model cannot be used for forecasting overnight MIBOR. Since the EGARCH coefficients of the Implicit yield on 91 day Treasury bill and weighted average call money rate are not significant, EGARCH model is not appropriate for forecasting these two interest rates. The residual series obtained from the above estimated model is tested for ARCH effects to see if ARCH effects are captured well in the estimated model. Table 11 indicates that the ARCH effects are not present in the model estimated after taking into account the EGARCH terms.
COMPARISON OF MEASURES OF PERFORMANCE FOR THE SHORT-TERM INTEREST RATES FORECASTS USING ARMA , ARMA-GARCH, ARMA-EGARCH AND RANDOM WALK MODEL
The out of sample static and dynamic forecast of interest rate returns using ARMA, ARMA-GARCH, ARMA-EGARCH and Random walk models is done taking 80:20 ratio.
a) Commercial Paper rate
As the residuals of the Random walk model suffer from the serial correlation and residuals of the ARMA model suffer from ARCH effects, these models are not appropriate for forecasting CP rate. Though the root mean square error ( see Table 12 ) shows that the GARCH static is better, the coefficients were not significant. Hence, it could be concluded that the asymmetric effect is present in Commercial paper returns and is best captured by AR (3)-EGARCH (1, 1) using Static forecast.
b) Implicit yield on 91-day Treasury bill
Based on the measures of performance (see Table 13 ) RMSE and MAE, the ARMA (1,1)-EGARCH(1,1) model is better. However, the coefficients of this model were not significant. Though the residuals of the random walk model were not serially correlated and the correlograms showed that it is a white noise, none of the measures of performance is low for this model. Hence, ARMA(1,1)-GARCH(1,1) outperforms the Random walk, ARMA(1,1) and ARMA(1,1)-EGARCH(1,1) which is also indicated by the variance proportion and covariance proportion measures and thus the ARMA (1, 1)-GARCH (1,1) using static forecast is better than the other models developed.
c) Overnight MIBOR
The measures of performance -Mean Absolute Error, Bias proportion and Covariance proportion indicate that the Random walk model is better but the residuals of the model suffer from serial correlation (see Table 14 ). The root mean square error indicates that the ARMA using static forecasting is better but the residuals of this model suffer from ARCH effects. Though the Variance proportion is low for ARMA (6,5)-EGARCH, the sum of the coefficients of the variance equation is greater than unity. Hence, it is concluded that ARMA (6,5)-GARCH(1,1) using dynamic forecasting is the best model for forecasting overnight MIBOR returns.
d) Weighted average Call Money rate
Based on the measures of performance, the results are mixed (see Table 15 ). The residuals of Random walk and ARMA model suffers from serial correlation and ARCH effects respectively. Though variance proportion and covariance proportion are low for EGARCH model the coefficients were highly significant for the ARMA-GARCH model indicating high volatility persistence. Hence it is concluded, that ARMA (5,6)-GARCH(1,1) using dynamic forecasting is the best model for forecasting call money rate returns
Section V CONCLUSION
The short-term interest rates are forecasted using ARMA, ARIMA-GARCH, ARIMA-EGARCH and Random Walk models. The results indicate that the short-term interest rates do have volatility clustering effect in the time series and this captured by the GARCH/EGARCH models developed. Moreover, the ARIMA and random walk model developed were not a good fit. The comparison of the models for forecasting Short-term interest rates -Implicit Yield on 91 day Treasury bill, call money and overnight MIBOR show that ARIMA-GARCH is an appropriate model for forecasting. However, to forecast commercial paper returns, ARIMA-EGARCH model is more appropriate. Hence, investors, bankers, corporates and regulators can use the ARIMA-GARCH model to forecast the implicit yield on 91 day Treasury bill, call money and overnight MIBOR and ARIMA-EGARCH model for CP rate forecasting as the error terms in interest rates have volatility clustering behavior which is best captured by GARCH/ARCH terms. The major contribution of this paper is that short term interest rates have volatility clustering effect and hence GARCH/EGARCH based models are more appropriate for forecasting than random walk or ARIMA models. However, there is scope for further validating the model by testing the model for different time periods. (1) 
